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Page '3

‘Module No.

Module Title

Anaerobic Digester Test Procedures

~ k. ¢ Analysis

Approx. Time-/@‘ : . <I Topics

_ Alkalinity

12 hours
> ‘ . Alkalinity Testing
> | Determination of Alkalinity "
Digester Gas Analysis ;
Volatile Acids '
Volatile Acids Testing
Vo]at1]e Ac1ds/A]ka]1n1ty.Rat1o

Determ1nat1on of Volatile Acids by
Rapid DistilTation

Determination of Volatile Acids by
- . Silicic Acid Method

Determination of Volatile Acids by
Hach Method

Selection*of Method for Vo]at1]e Ac1ds
& Lz

Objective T .

- When the part1c1pants complete this modu]e they'should be ab]e t0 analyze

anaerob1c digester contents for a]ka]1n1t and vn]ata]e ac1ds and report thé

results as a volatije acids/alkalinity ratio, e part1c1ﬁant shou]d also be

%ab]e to determine the amount Cdé in digester ga upon comp]et1on of th1s ‘
module. | . , ~m\:,° : ‘}ﬂ; o . ; B
References C e ii v a { . 1
Anaerobic Sludge Digestjon Manual (EPA). '~ <1 - S )
Operation of wasféwat;r Treatment Plants (Kerrﬁ)i - 1:{' e . ,.'%
Standard Methods, 13th and 14th qu. oot - ;o

/7

. 4
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Inétructiona] Aids

.Vine & St. Clajre St.- .

EPA s]ide-tape is available from: /

Eileen Hopewe]l ' ‘ %
National Training Center .
Water Programs Operation .

45268 . | .

Typed qverheads are exa le-of overhead layout and content. For classroon -
-~ g

use the“overhead shou]d e constructed using colored, 1/4 inch dsy trans fer
letters.. . ' Y

Cincinnati, Ohio

Overhead%

" Other overheads may Be copied d%rectly{} )

H§ndouts‘

Handouts_may be copied directly. : T --: -

Lab supplies and apparatus * t EEPYN .

Supp]1es and appaﬁatus should be supplied per handouts so that part1c1pants .

may work in groups of 2 or 3. .. .o :
' .
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Page 5

Module No:

Module Title: . ( -
Anaerobic Digester Test Procedures '

N

Submpdule Title: . . -

Approx. Time: ‘

Topic:

Test Procedures ,h

30 Mir. °

Object'ives:_ When the participant completes this topic f;e should be able to:

1. Tdentify theé type or class of material being analyzed in the alkalinity
testy volatile acids test and digestor gas analygis test. - ‘
- lg . '
. 2. Idéntify the accepted units of 'expressi‘on fér reporting-results of the
volatile acids test, alkalinity test and digester gas analysis test.  °
3. Indjfate the range of concentrations of voTatile actds, alkalinity and
C02 in digester gas normally found«in a properly operating digester. * \
. o - i ‘ . N . -
Instructiongt Aids: . 1 -
' ' o . & M ; " ~
.| EPA slide tape - Anaerobic Digestion and Analytical Control
\ ) S J ‘ >R b .
I.nstryctwnal,Approach.;‘ . R N
Leczture - Discussion ' : . . ; :
[References: o ) ' ;
Fe S .
I s D .
Anaerobic Sludge Digestion - ®
. ' . . t4 \ | . - ) ) ‘
( ! ’f: /9 ," | ’ ¢ - - ' -
€lass Assigpments’ )
Pl s . . . (]
-~ \;. .. . [ . 7 ' ‘. "\ 's
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. - .. 2 o
 Module No: ) Topic: . . -
Test Procedures- : e .
Instructor liotes: “Instructor Outline: . N
‘ ’ ' . - SN A —
B N /( 4 R . —~r N [
© {1. a. Identify each of the tests and, - .,
indjcate’ the- type’ of sampl€e required,.-
p ¢ ~ '
. 7 . Lo . . . 4. . .
Slide Tape : b. _Discuss volatile-acids, indicate how -
\ they are produced in a digestor-and
N ~ how\they are used in the digester.
o .. . o < Y. 3 A ‘.
. : c. Disctu§s alkalinity, indicate the =
' ////// -, ; sourcey of alkalinity in a diggster.
i ./' . * . - ’
v ' . d. Discuss\the components of digester:
.\ \ .
gas. r.
. : O \ , L
N N . \ A4 - . ‘'
. A 2. a. Identify the standard units of Lo
: expression\for alkalinity, volatile .
. 7, acids and;d\gester gas.’ ~
‘ S ¢ 3. 'Identify thé_rgné, of concentrations y
’ - norpally, found in\an operating.digester.
CoL ; Volatile acids . ' o
‘Alkalinity - " . -
. Gas . : o y
:‘ - : ’ : ¥ \
- . — , RN
- - - - o !
- o K o” 2 - '
3 ’ - ‘
- - ‘-
v.‘ . . . ! ) R
- ' . . 7 —_— R _ ’ Tm— ~——
.\. e;“ p 5 4 . ~ ) .
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Module No: = . Module Title: ,
N Anaerobic Digéster Test Procedures
7
" . 1~ . : *
_ . ’ .\Subn‘)od.u'l.e '.T'it'le. o /ﬁf-a .
. : . Ap_prex'. Time: 1 Alkalinity . ]
- ' ~\/ ‘, ’ TOpiC: ' =t . \} )
< .~ 30 min, ) A'lka]i‘nft’” Testing .
N [Objectives: "When the part1 c1 pant comp]etes this top1c he should bT able to:
<~ | 1. Define alkalinity . A R .
. - | 2. 1indicate how alkalinity differs from PH T \ ) .
3. Identify the pH engd-point of the tota] a]kahmty titration.
. "
4. Explain why a pH meter is preferred to a to]ored‘indmator end point.. N
R 5. 1ffergnt1 ate between total a]kahmty and b1 carbonate a]kahnity
6. 1State safety: precautions to be observed in the alkalinity--test.
. ' . Instructional Aids:~ ° ) ‘ \/
. _ | Handout - Alkalinity Discussion” [ ,, ) . o
- Instructional Approach: ° : - T — ’ .
. R . : ‘e . o/ :
. Lecture - Discussion ' e .
I » . B ) - "gl"
. |Réferences:
LA ‘ T ) . ) i . e . T
. S ’ 3 ) “"
_ Anaerob1c S]udge D1gest1on Manua] - :
o . ’0perat1on of WQstewater Treatment ~P~] ants (Kerr'n)
- - L
. ) Class Assignments: ) .
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- - Page _ 8
Module th. Topic: . ’ _-(
. Alkalinity Tesfing * -
0 ° L he 3
Instructor lotes: ! | instructor Outline: ‘ o ’

. ]

£

4

Handout Pages 9 - 13 ~
AlkalinityDiscussion

Page 7

al

o~

5. .List the other types of a]ka]1n1ty

1. Discuss alkalinity and how it is a
’ measure of buffering capacity.

1 2. Explain how dlkalinity differs from pH.

3. . Identify-the pH end point of the total
alkalinity test

A

Explain why this point is used. .

4, - Discuss the use of the pH meter for end .
point detection rather than a colored pH
Jindicator. . ~

Explain that the colored pH indicator
changes at the same‘pH as pH end point.

A

determinations.

b

Ny
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+ TOTAL ALKALINITY - - _ . ) '
Discussion N ' _ T 'i T : -
- Tests for total alkalinity of dlgesters are norma]]y run on .

. settled supernatant samp]es. The;a]kallnlty of the rec1rcu]ated s]udge s

+

- @ measure of the buffer in the digester. When organic matter 1n a dlgester

-

is decomposed anaerob1ca]]y, organic ac1ds are formed wh1ch could lower, the

’ L

pH, if buffering mater1a]s (buffer capaclty) were ﬁot present If the-pH
.'drops too‘Tow? the organisms in&theiojgester couvld become ingctive.or die
and the digester becomes upset (no longer capab]e of decomposinéforganic-@
matter). S\ - | . ' ‘ - . Y

For dﬁéestev contro] purposes the vo{ati]e acfd/aTka]fnityQ -

-relationship shou]d be determlned When the volatile ac1d/a1ka]1n1ty g
relationship is from less .than O 1/1 0 to 0.5/1.0, the ]oadlng and. seedv“
'. retention of(the\a\?ester are under control. | When the reqatlonshlp\starts .
- 1ncreas1ng and becomes greater than 0.5/1.0, the dlgester Js out of controf

and will become stuck unless effect1Ve correct1ve action is taken The PH

. f
will not-be out of range -as long as the vo]atlle ac1d/a]ka]1n1ty relationship
is 1ow Thts re]atlonsh1p glves a warning before trouble starts. 5 . .
. . A11 samples must be settled so that a liquid free of so]1ds is
) available for the test. Tests cannot be calculated’ correctly if solids are”
Ll ’ 3 ) ) ) ‘
N .{ -in the sample, \
’ - . %,
. ' N ! .
\ —rd ’ \ . - »
. )_ . . .
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Module NO:AA“ Modu]e T : . - Py SR . .
‘ Anaerob1c D1ges£§r Teét Pgbceaunes N )
) | Submodule Title:\<" SR
Approx. Time: AKlkalinity , . =~ e _ N
)Top‘ic:" > ' | . ’
2 hours Determination of Alkalinity I Lot
.Oﬁﬁéctivegz When the partjcipant'comq]etes this topic he should be-able Fd:

1.

Identify p;oper praratus and reagents needed . for thé g]kgiipjty test. -

I

2. Obtain and prepare a proper sample. for the q]ka]?nity test.

3¢ Conduct an alkalinity test given proper test equgpment procedures. sheet
“and proper sample mater1a] . s

¢

4, Translate the raw data from the a]ka]inity‘test 1nto proper units of
© expression -given appropr1ate conversion factors and equations.

~

Instructiona] Aids..

»

Hé dout - Determ1nat1on of A]ka]1n1ty
Owerhead Alkalinity Lalculation’

Lab apparatus and.reagents per handout

¢, . ' o,

’li' i . . M . .

e ' - .o Ae

In;tructfonaJ’Approach:. e o ' /
Lab * ‘ qu. ) . -

- .
e o aazg b

References:

_ :
\ . © . .

" Kerri . . , ' . . , . y

Class Assignments:

Lab procedufe - . Lol e //’
. : N ‘ N T 7'/f; '

¢
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\ . Module Ho: Topic: « 7 ' T R
' ’ o BN \ Determination of AlkaTinity . . ’ g
LN ~% - - . . o I . - ?
P ~ . - - ra H —v . < K e - .
Instructor liotes: .. { instructor Outline: - v ~¥
2 o . 2 ‘ — - - — - =]
.- ¥ . . . . - , R
o ~ °{ Handout : o : ‘ 1. List the apparatus and reagents needed N
. -, L LT for the a]ka]1n1tx test. . e '
! : Determination” of Alkalinity
- N . . ‘ - B | Demonstrate the setup of apparatus
o : ; Pages '10~-- 12 o. ' 4
T A - = \ Demonstrate the makeup of reagents o
° ; . . .“. 2' - 1 . ; .
. . }‘ B1scuss commerc1a4 reagents . »3j <
e \
) : 2. stcuss and 1f poss1b1e demonstrate_proper
R ¥ s samp]1ng methods ’ & -
Coe | - . '3. Demonstrate the* alka]inity test to include: -
N ’ ) . ' Y ° . ; T ~ . N T
‘ N AR . o 7}, pH méter standardization - . -
- ‘ .. | ° Titration technique, L
<. . £ndpo1nt‘detect1on ' ' . R
o —-— s P , ‘ . g .
. . N e 1. . Have part1c1pants conductt an alkalinity
" \ : , teSt ¢ NS
Overhead .. “ Co. . ;
2 I C : g - ’ . o
T~ g 4. Work an example calculations . -
: Alkalinity %alculation . ) ) . - N
T ] Have %artiéﬁoipants work calculations )
— ° i Part 6 3 . _ . - ) R :
. . Page 10 . v - e . -,,l *h ) s s e ¢ .
. . A ‘ A Y
~ . &
. ‘ ' . ] 3
N, . * > - L v ¢
T ) ¢ -
“ ) . , . . .
N . @ L N > n & ~ [ v
- < q) * “ ~ammg ‘ 3 A} 2~ i
M { : N ‘r{ ’ v -
. - v ‘ . ’ ‘o ’
- -4 ’ ~ , N » .o Y 3
,‘-\ _\ v ! - .
~ ~ » - ” ‘. .
. . - L% ~. f \ . X n ° .
' . ‘ b s i - ) ' )
N /‘ A 3 J \ . k]
- . “ ’ .
L3 ~ A . s( -
. 1 ~ * N
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» % v b ' 2 ks 0. ~
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3

LABORATORY PROCEDURE:
- available for the test..
in the sample.
Apparatus

11,

Al

A]ka]1n1ty of Nastewater and S]udge

L
A]]'samp]es must be settled so that a ]1qu1d free ‘of so]1ds is

Tests cannot be ca]cu]ated correct]y ﬂf so]1ds are

* .
™

~

Centrifuge and centrifuge‘tubes, or settiing cylinder.
2. Graduated cylinders (25 ml and, 100 m). -
3. 50 ml Burette. - . : K;V” -
4. 250 ml Er]enmeyer flask or 250 m beaker. |
5, pH meter t N
Reagents a I ‘ | ' ) ;f
For preparat1on consu]t Skandard Methods or purchase prepared

1. Sulfuric acid, 0.1 N which is sufficient for a]ka]1n1t1es rang1ng'fr&d
500 - 6, 000 mg/1.

Procedures ¢ - ’ .

1. Centrifuge or filter abdut 100 mls, <bf supernajant samp]e. . Y ""

é. P1pet.50 ml of samp]e into a’beaker,h}n the case of water or d1st1]]ed
water use 100 ml samp]e If d1gester‘a1ka]1n1ty tends to be above 4
},OOO mg/1 use_a 25 il. ‘samn]e - ‘f; ‘ﬂ‘ffgé:[.- —

3. Add 200 ml. of d1st1]]ed water, - - - I

d. Place the e]ectrodes of pH’ meter 1nto the 250&m] beaker conta1n1ng the
samp]e.: ‘ /,//,_\~ i {pe. " é Y,

)

A]]'samp]es must be kept cool and ana%iied as sooq as ppss1b]e.

LN

&

o
3

AV

N ]
P L ey g
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. Cafculate’ alkalinity as mg/1 CaC03. ¥

. , ‘/ g
Page 13
S T : C . & .
Titrate to a pH'of 4.5 with 0.10 N sulfuric acid. '(In case of/@i]ac
of pH meter, add five drops of methy] orange indicator. In this case,
t1trate to the first per@enent change of cofEr to a red -orange, co]or
Care must be ei§)%1sed \2 determining the change of color and your ab1]1ty

to detect the change W 1 1mprove w1th exper1ence )

formu]a
Alkalinity (mg/1)

#here B

= B x N x 50,000

mls of sample

~

L3

AN

L

e

- Alkalinity (mg/]) =\38.0 X 0.1 X 50,000

PSS
o7

mls of HySO4 required tq titrate sample to'pﬁ 4.5

v

N

"

Normality of H2504; i.e. 0.1N

Calculation Example

Where B
S
N

38.0 ms

0.10

‘

i Sample size = 100 mls.

. 100 | B

e

A\J
RN

-




" OUTLINE -OF METHOD.. -

N Rembve solids by

{

2.

o

3.

1

centrifuging

Pipet 50 ml of
sample into a

/K beaker

Add 200 ml of
distilled water
<

Place pﬁ"electroaes
in beaker - ‘

Titrate with 0.10 N
acid

/ ;>>V
1(

||
v

-
m I
- 4
.
[}
L]
. . .

~a
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e Module No: - . Module Title: - s \;) X
- ’ Anaerobit Digester Test Procedures -
7 ' , . | Submodule Title: . '
‘ Approx. Time:/ ’ . . ’ o >
- ‘ ’ Topic: ’ P
\ ’ r //v
1 hour Digester Gas Analysis by CO2 Absorption -~
’\8 T Objectives: When the participant comp]etes this topilc he should be able to:

1. Identify the proper. apparatus and reagents needed for the digester gag
- analysis by CO» absorption test.

\féz. Obtéqg and prepare a proper sample for the test.
7

3. Conduct gas analysis test g1ven proper test equipment reagents, procedures
sheet and sample. :

4. Translate the raw data from the gas analysis test 1n proper units of
expression given appropriate conversion- factors and equ ions.

Instructional Aids: e ~:ﬁ<<
/ : . .
Handout - Digester Gas Analysis
-Lab Apparatus a?d Redgent per handout
- Overhead’ Samp]e L€alculation

- - - N

, < ,‘ ‘

ke

Instructional Approach:®

' Lab procedure

16

Lab , . . '
. \
( .

It .
Refereqfes.
- Kerri

-

. V\ :
Class Assignments:. o ' \\ ‘ ' . N
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instructor Outline: “ e

’ (72
.r - !‘-ﬁ' - -’ *
L , T
R . Page 15__

Hodule Wo: T;b1c: . ,

P S D1gester Gas Ana]ys1s by COp. Absorption
| Instructor‘épfeér, i :

A

"\ﬂpndout' L ja

Didester Gas Analys1s
- Pages 15 - 18

Overﬁead

Sample calculation

Part 11

Page 17

-3

1.

List the abparatus and reagents needed
~ for digester gas analysis.

y Demonstrate the makeup of reagents and °

the use of apparatus.

Discuss sample collection and if possible

demonstrate sample collection.

Demonstrate the gas analysis test.

Have participant perform the test.

Work a sample calculation .

Have participant work calculations.

-«

. Y 4

o

L
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CARBON-.DIOXIPE (COp) IN DIGESTER GAS, ™ : R ‘ !

‘Disc"ussicy' > PLT - ;.:
-’ Changes in the anagrc;bic s]ud;;e digestion process wi]] bel S

observjed in the gas quality and are l;sua]]y l'not:a‘d °.aj’ter tﬁe vol ati]e ac:’ds- o‘F‘
vo]at{ﬂe acid/alkalinity relationship starts to iﬁcrease.' The C()z con’t;ent of

T a prloperly(operating digester will range from .30% to\40% by volume. If the

percent is above 44%, thergas ‘will not burn.. The easiestrgces',t procedure for
determining this change JS with a (502 ana]'yzer.

‘Apparatus . | R . . . . »*,

1. One bunsen bSmer o '

2. Plastic tubing - . (. v S, 3
. ! > \ « ? . 3

3. 100 ml graduated cylinder ‘p

4. 250 ml- beaker

Reagents . /. »' s
P 3.— J ‘ . ) .o
C0, absorbant (KOH). Add.500 g potassium hydroxide (KOH) per liter of water.
N . S N '

*
~ 7
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4 Page 18 A
.. (COZ) 7 . ) <: . .
Procedure ‘ o '
. : — . [ - .
; . 1. Measure total.volume-of a 100 ml graduate by fi]]LBQ it to.the‘top with
; water (approximately 125 m1). Record this vo]ume ///’ ' )
1 2. Pour approx1mate]y 125 m1 of C02 absorbent in a 250 ml beaker X
CAUTION: Do not get any of this chemical on your skin or c]othes " Wash
i immediate]y,With running-water untillslippery fee]ing %s gone or severe
burns can occur. ’ ’
3. Co]]ect a representative sample of gas from the gas dome on the digester,
: a hot Mater heater using digester gas to heat the s]udge or any other gas
-outlet. ' Before collecting'the® sample for the test, attach one end of a
P gas hoseto the gas out]et_and the other end to“a bunsen burner. Turn on
the gas, ignite the burner, and allow it to burn digester gas ;or a
- sufficient ]ength of time to insure co]]ecting a representative gas- sample. ,
\\\\ 4, eWith gas running through hose from gas sampiing out]et place hose ins1de
inverted ca]ibrated graduated cy]inder and‘allow digester gas to disp]ace
’ air in graduate. Turn off gas. ' ,
* i ;CAUTION: The proper mixture of digester gas and air is exp]oSiVe when
ﬂ exposed to a flame. ‘ - S . 'f K .
5. Place graduate full of digester gas ups1de down in beaker containing C02
_ o absorbent. - . . Ve .
v . . . - o o
' 6. Insert gas hose inside upside -down graduate. ?;;;\
> ‘ %. Turn on gas, but do not blow out liquid. $Run éZs for at ieast'bo seconds.
8. .Carefui]y remove hose from graduate with gas sti1l running.
9. Inmediately turn off gas. A 4 T ,
10.' Nait.for ten minutes and;shake gent]}. If liquid continues to rise, wait

o . * until it stops. : ‘ L . . i
ERIC - it stens 19 SRR
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oy

"% COZ —(Tota] Volume, ml - Gas Rema1n1ng, ml) X 100%
+  Total Vo%ume,,m] y .

14

(126 m1 - 80 m1) x 100% ' - .

~

126 ml . . ‘

= 46~ ' . “"". *.365 .
% X 100% . . 126/ 46.6. .

S e . 82
S N -
630

. . . . o <+ ’
T -
" e e ¢ v, *
, * - ¥
T B oL > Rage 19.
. . . - « . . N — \
11. Read gas remaining in gradudteoto nearest ml. (Fig. 14.3)
Examp.le . . o . CooT
y . 4
. b
Total volume of graduate = 126 ml v he
. . . . !
{' ‘Gas remaining in graduate = 80 ml " , .
3 Ca1quat1on I ¢ - |




o ' v ‘ " .

Outline oﬁ'Proceduﬁe L ' S B
"I 1. Clean out sampling 11ne 2. Displace.air in 3. Place. graduate upS1de

’ by, allowing gas from ..+ graduated, - - __down. in beaker - \

© sampling outlet™td burn. *  <tylinder. - conta1n1ng.§02
until line is full of . - . 7] absorbent.
_ . -9as -from digester. S -

Y ' . Gas l 33; - . .

S Gas \57\ , N IfH . — :

o Outlet Gutlet . NEN -
- 1 . , ,v-:
% - . .
N Bunsen | cn
‘ Burner ' ) :
¢ ° 4 -, . !

.. JInsert hose .in graduate 5. Remove hosg¢from 6. Find volume of gas™,

b . and run gas for 60 seconds 4 graduate and‘then ‘ r?maining to nearest

. . i turn off gas. - : -

- | ) \ it 10 m1nutes'
. &, ' 3 .y . - .t . . ‘ - -

Precautions . N
—— « X > « . 3‘ 5
1. Avoid any eben flames near the digestér. : R N
: 2. " Work- 1n a well vent11ated area to avoid the format1on of explosive
3 ' . . .
» mixtures of ‘methane gas . .
= . B L T

3.7 If your gas sampling outlet is on top of your digester, turn on out]et

and vént the gas to,the atmosphere f0r severa] minutes to c]ear the 11ne
I N .

of o]d gas Start with" Step 2, d1sp1ace air in graduated cy11nder.

5 o
: f NEVER ALLOW ANY SMOKING OR FLAMES NEAR THEIDIGESTER AT ANY: TIME o

-~ i
g . - . » | \_ -~ N
? * - ’ h - . .
. ¢ B
) © ' ) : ‘ 21 * ’. ) ' l '

N = -~ . ’
© PO . " . 4 ) » - N N .

am . N .

[ ': . . . o
. .
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Module No: . Module sﬁt]e, c .
. ‘ R Anaer jc D1ge§ter ’Test Pro’cedures . .
N S —. ——
, . Submodule Title: =~ .- TR T4
SR Af)prox Time: Volatide Aeids .7 - E " '
QR N I Taldis ~ T R
s - 30-Min. g Volatile Acids, Testmg - .
- ; 0bJect1ves“ when the parti c1pant comp1etes th1s top?c he should be ab}e to:
P ‘
.1 1. Ident\fy acidic, propon01c and buiemc aci ds as the maJor contr1buters to the
- © volatile acids concentratlon in a d1gester. d P
2. D1fferent1ate between vo'latﬂe “acids ahd strpng 1norgan1c ac1ds. .
‘ a 3. Exp'lam why the vo'latﬂe acids test should be run-on the same samp'le as the
- , « alkalinity test. : «
' 4. Indicate that there are more than three ways. to. run a vo'latl'le .acids tes’c
. N : T ¥ : I
- Instructional Aids: - N .
\ ” N ~ . ° ¥ , . 4
! - . I SR . '
. Handout - Discussion of yolati?e ‘Acids < ¢ - g '
Instructional Approgch: ., P X . S
\ ' > s e r
Y ) - - . ' ] . 4 M . |
. ‘Lecture - Discussion Sy T "
) - . - ) ) O' ‘e, > ° ? 1
e . AR ( i .
.‘J.‘ References : B ® : - —
" N . N
Kerri N - S -4t Fo
- ) 4 " ° - .
-~ 0 e 27 .
- _ ‘ . 6 . D\. % B 3 N
! y . L = _ — "
Class Assignments: . -t . ] :
. None ) ) ¢ : . ' V L
’ v 22 \ k * ” " . G




Module Ho:

’Tobic:_ P
Volatile Acids Testing ‘.

: Yy

Instructor liotes:

‘e

Ihstructpr-but1ine:‘

(2 P

Handout -

Acids
Page 21 - 22

L)

Discussion of Volatile .

Lt 1.& 2. Discuss the types of acids that make , B
up volatile acids. . .

Differentiate Between volatile acids
\ ) and strong inorganic acjds:
Explain why.the same sample should be
used for the.alkalinity test and
volatile acids test,-

v ¢ *

List and summarize the three methods .
covered in the module;

Indicate that there are other conmon
. methods.

Discuss the need to use a single method
and do it the same way Each time.

’ 4T

- 9
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PR

4 .

w0

&

[ S

)
Rk s L oW

.

g s




7]

S ¥

7 upset,

i Page 23
R A =~ t 4 - : - [}
VOLATILE ACIDS AND TOTAL ALKALINITY A
e . . . o 2 7
Discussion x e : ' . : Tk

Vo]at1]e acids are determined on s]udge samples from the. d1gesters
\\\

-

Most, modern d1gesters have samp]1ng pipes where you can draw.a sample from

various ]eVe]s,of the tank. Be sur% to allow the sludge in the line to run

-

"for a few minutes in order to obta1n a representat1ve sample of the d1gester
¢ ®
Samples also.may be co]]ected from supernatant draw off tubes, or
\ ,

thief holes, } d :

contents.

The concentration\of"vo]ati]e'acids and alkalinity are the first
measurable changes that.take place when sthe process of gigestion is becoming

The volatile acid/alkalinity relatiopnship can va;y'frqm 0.1 to about

0.5 without significant changes in'digestervperformance When the relationship
vy /’

s
starts to increase, this s a warning that undesirable changes will occur’ un]ess

the increase is stopped. If the re]at1onsh1p 1ncreases abOVe 0.5, the

A

composition of the gas produced can change Very rap1d]yg fO]]OWed by changes

¥
)

- +in the rate of gas product1on and fipally pH.
' In a healthy and prOper]y funct1on1ng ‘digester, the processes or

b1o]og1ca] action taking place 1n81de the digester are in equ111br1um When

fresh sludge is pumped into a d1gester, some—of the organ1§ms in the d1gester i

convert this mater1a] to volatile (organ1c) acids. In a 6?0per]y operated

d1gester, other organisms feed on the newly produced volatile acids and

¢ ’

~éventually conyert the acids to methane (CHg) gas, which is burnab?e and

carbon d10x1de (COZ)& If too much raw sludge is pumped to the dTgester or

the d1gester is not functioning properly, an excess of vo]at1]e acids are .
» .

. -

-

1 Thief Hole. A digester sampling well.

e

2¢
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' . < ‘ “g" M P
produced.‘-If excess1ve amounts of vo]at11e acids are produced,‘an agid

env1ronment un3u1tab1e‘for some of the organi.sms 1n the digester w1]] deve1op

and the d1gester may cease to funct1on proper1y un]ess the a]ka]1n1ty

CoL ’ ‘ c
1ncreases too. - . : '

.

< Routdhe volatile acids and alkalinity determinations during the

M ' - = ‘ - - - -
start-up process for a new digester are a must in bringing the digester to

. « ‘ Al

a state of satisfactory digestion.

7

‘3
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in d1qesterA4perat1on than pH values.

- o . X " NI
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Modp]e No:" Moaaie Tit]é: . T N z
] Anaerob1c D1gester Test Procedures. ' cLoom T
S - - A :
’ "| Submodyle Tixle.“ . - o
Approx. T%;\ " Volatile Acids ° - o oo
T~ ) : TOp'i.C . )
30 Min. -
Volatile Acids - Alkalinit Rat1o : - .
| olatile A y , \
|Objectives: When the part1Eﬁpant GOmp1etes this topic he shou1d be able tq:
1. ﬁ?ﬂculate a vo]at1]e acids - a]ka]1n1ty ratio. . . \f
. T ~ T
2.. Indicate the range of acgeptable Yolatile ‘acids - a]ka]1n1ty ratios from a
proper]y operating d1gester. ok ;- 8 ] U -
3. Deve]op a volatile ac ds/- a]ka]1n1ty trend graph and explain why a volat11e
- acids - alkelinity ratio trend is of more value than a single vo]at:]e acids |
. alkalinity value. - X 1
4, dicate why data from the volatile ac1ds and alkalinity tests are of moqf

Instructional Aids:

)

°

.Overhead Volatile Actds A]ka]imty Ratio &ﬂcu]

—p——

q

at1on

o,

4 . .
I . - - - S
- ]
v ' °

Instructional Approath: . VLS A
: » . ’ - - . - M .'l’ ) A - ~
. . T - ° n 4 ) .
Lecture - Discussion KR 4 \\\\ - >
13 "
. @) “;,3 .
References: ] s .
- 7 - -
. , Rl .
Kerri : : ‘uﬁ ’ ’
« ’ / Y

CJasé;ﬁzg;anments: _— - . s y£7//i3’f;;§:i/’">
- - T . - " ' Y
. ’ ‘", s & ‘ , " Lo

- None_ ' >
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" Module Ho: Topic: ‘ ]
o ‘ Volatile Acids - Alkalinity Ratio ~ N
Instructor liotes: { instructor OutTine: \

qurhead

Volatile acid/a]kaliﬁity ratio

1. Demonstrate how to ca]cu]ate a vo]at1]e ac1d<
a]ka11n1ty ratio, -

2, L1st the norma] range of VA/ATk ratios.

Discuss what may be the, consequences of
h1gher and Tower than normal ranges.

Discuss
trends.

4, Discuss
process ¢

3. Demonstrate the graph1ng of data.

the importancé of observing

>

-

the falacy of using pH as-a
control test.

. .
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Module No: | Modute Titie: . .
:Anaerobfq Digester Test Procedures

- Submodule Title:

'7 Approx. Time: . Yolatile Acids: . | )
B Topic: .
P fours 30 in Determination of Volatile-Acids by Rapid Distillation

. |Objectives: When the part1c1pant completes this topic he should be able to:

1. Identify proper apparatus-and reagents needed for the vo]at11e acids test by
rapid d1st111at1on method . .

1

' _' “ 2. Obta1n and prepare a proper sample for the volatile ac1ds test

3. Conduct a vo]at11e acids test using the rapid d1st11]at1on method given prope)
test equipment, reagents, procedures sheet and- sample.

4. "Translate the raw data from the volatile acids test into proper units of
expression g1ven appropr1ate conversion factors and equat1ons .

Instnuct1onal'A1ds: . 4

~~ - | Handout Distillaksan Methéd - | o
\ Lab apparatus a gents .per handout

-

: .qg*gnstructionalqApproach: /

Lab . . I L@
References’: - o
Standard Methods, 13th Ed. . . el

Class Assignments: : -

‘Perfprm analysis in groups'

Srh  ettepd o
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Module HHo: \ Topic

Instructor lotes:

. . . . j' V -
~ Rapid Distillation Method J -

: =
Instructor Qutline:

3

~

s N

) ' . -
'vx\— . J’ #

. &
Handout "

Rapid Distillation Method

~ LA

Pages 2% - 28

\

A

.

" Have participant perform the test.

Work -a samp]e calculation \
Have' part1c1pant work- ca]cd1at1on§
¥ v .
’ ' 2d .
. Y
r ‘ !
‘ » N
v g
] Y : °
e - N
\ B —
? 14 »

2

List the apparétus and }eagents needed for
the rapid distillation method.

Demonstrate the makeUp of reagents and
setup of apparatus.

Discuss sample co]]ectidn

Demonstrate the start and end of the-
distillation.

X
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DISTILLATION METHOD . _ ;

General Discussion

~

The following short method .often is appf?cab]e for control purposes.
" Because the method i§~empiraca] it §hod]d.be carr;ed out exactly as described.
, It is assumed that 70%fof the vo]éti]e acids will be found in the distillate.
This is corrected for 1n the computations. Howéver, this factor has beéen
,"found to Vary from 68 to 85%, depending on the nature of the acids and the
rate of d1st1]1at10n '
'Aggaratus : | N ~ ‘
a. %entrifuge, with head to ea#ﬁy four 50-m1 tubes or 250-mlybotties. f .
Digtillation flask, 500-m1 capacity. | L
c. Condenser, about }6 cm (%O in.) in”]éngth.‘ : R

d. Adapter fugé.

Reagents o
‘ a. Sulfuric acid, HpSO,, 1+ ll
b. Standard sodium hyd?oxide titrant,JEZI N.
- ‘ €. *Phenolphthalein ﬁndjcator sb]ution\

Procedure i

) & ‘ Centrifuge 200 ml sample for 5 min. Pour off and'conbfne the.
' - supernatant liquors. Place 100 ml supe;natant liquor'in a 500-ml disti]]atioﬁ’
flask. -Add 100 ml distilled water, 4 to 5 clay ch1ps or simflar mater1a]
a -} - to prevent bump1ng, and- -5 m] H2S04. v Mix.s0 that the acid does not remain on }
' the bottom of the flask. Connect the flask to a condenser and adapter tube

-

o and distill at the rate-of about 5 ml/min.” Collect 150°m] distillate in a

N| ‘
.
. ]

. . : - 30 :'. LT

o e m g




(\ - Page 3n !
‘\250-m] conical flask and titrate w*fth}.l N'NaOH, using phenolophthalein as -
an indicator. The endpoint is the first pink coloration that persists on
sfanding a short time. Titration at 95 C produces a siab1e endpqint.
"Calculations
’ -mg/1 volatile acids as acetic acid = s Lo .
- :B x N x 60,000 ‘
S » Sample size x 0.7 : . "
o B = mls of base used . o j(
N = Normality of base used . ~- \ - L e o
. .
° - !
'o r
A
N ! \ : ,
. . N
. ) . -~ h
‘. ) ]
~ ? ) 31 ) .
O. — - * ]
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e

Module No: Module Title:

Anaerobic Digester Test' Procedures » .
A

. Submodule Title:

Volatile“Acids

Approx. ‘Time: ,
2 hours Topic: o
‘ Determ1nat1on of Vo]at1]e Acids by Silicic Ac1d Method

dbjGCtives when the participant comp]etes this topic he should be able to: ‘
1. Identny proper apparatus and reagents needed for the volatile ac1ds test

by silicic acid method. .
2.5 0bta1n and prepare a proper sample for the volatile acids test.
3. Cbnduct a-volatile acids test using the silicic acid method given proper test

equ1pment, reagents, procedures sheet and sample.
4, Trans]ate the raw data from the volatile acids test into proper units of

express1on given appropriate conversion factors and eguations.

Instructional Aids:

Handout Silicic Acid Method
Lab apparatus and reagents per handout
Overhead sample calculation

B

Instructional Approach::
Lab_ o0
‘l
References: ~ . )

Standard Method§' 14th Ed
Kerri -

| . .
v ! . '

I3
|
- N ——

o)
- ') |

Pe

{Class Assignments: j

I 7, .
rform analysis -~ j

5

oo
.
o

I, Y



Module Ho:

~F
r

a

| Topic:
Si]icic Acid Method

Instruchn_Ho*es:

H

Linstructor Outline:

»

| Handout

Volatile Acids
Silicic Ac1d Method

Pages 31 - 35

Overhead
Sample Calculatigns
Example

Page 34

Demonstrate the makeup’ of reagents "and
setup of apparatus.

3. Demonstrate the silicic ac1d method for
volatile acids.

Have participant perform the test.
4. Work a sample calculation.

Have participant work cdlculations

L

1. List the apparatus and reagents needed for
silicic acid meth

2. -Discuss sample collection and if possible
demonstrate sample collection. i




VOLATILE ACIDS : o o
(Silic Acid Method) . ‘ - -
Apparatus . ( '

1. Centrifugé filtering apparatus.

2
2. Two 50 m] grafuated cylinders. = .
3. Two mdeicine droppers. "“_ ’/j
4. Crucibles,. Gooch or frittf§ glass ,
5. ;Fi1ter flask » . N . ,”

6. 'Vdcuum source ' .
/. One 50 ml beaker

) Two 5 ml pipettes
8 W \‘m: pipette
9, Buret

Reégents
1. -Silicic acid, solids, 100-mesh. Remove fines from solid portion of dcid

by s]urryind the acid in distilled water’and removing the supernatant after

allowing settling for 15 minutes. 'Repeat the process'seyeral times. Dry

- -

the washed acid solids in an oven at 103° C and then store in a desiccator,
2. Chloroform - butanol reagent. Mix 300 m1 chloroform, 100 ml N-butanol,
and 80 ml 0.5 N HpS0, in separatory funﬁel and allow the water and

“organic layers to separate. _Drain off the lower organic layer through

filter paper 'into a dry bottle.
- 3. Thymolmb]ﬁe indicatof"solution. Dissolve 80 mg ﬁhyﬁo] blue in- 100 m]

apso]uté methanol. ) - K

-

4. Phenolphthalein indicator solution. Dissolve 80 mg phenolphthalein in

~ ‘-:“/

100 ml absolute methanol.

5. Sulfuric acgid,. 10 N.
: é ’ ‘ . .
¢ - " :3‘i T ’ .,

N

v fratt W0 o
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) * o Page .34 ' ﬂu
6. Standard sod1um hydrox1de reageq[ '0 02 N Prgpare in absolute méthanb]
from conc. NaOH stock so]ut1on in water N . ‘ . . -
Procedure o - ' g L i
1. Centrifug; or ff]ter.eﬁough s]udgé to ob£ai£ a sample of 10 to }é mlg“
This same sample and f1]trate sho%ld .be used for, both the vo]at11e acids
*  test and the tot¥® alkalinity test.. s S e
2. Measure volume (10 fo 15 ml) of sample and place in.a beaker. .
3. Add a-few drops of thymol blue indjcator solution. ~ ° v 5
4, Add‘lo N H2$04, drbpwise, until thymaj Blue color just turns to rea
5. Place 10 grams of silicic acid (so]1d ac1d) in cruc1b]e and app]y suction.
This. w1]] pack- the acid material and the packed mater1a] is somet1me;
called a colymn. |
_ , . : o7
© 6. With'a pipette, distribute 5.0 ml acidified sample (from Step 4) as
un1form]y as possible over the column.: App]y suct1on brief]y to. draw the
ac1d1f1ed samp]e into the silicic acid cp]umn Release the vacuum-as’
soon as the sample enters the colum. - .
}. Qu1ck]y add 50 mi ch]oroform-but!no] reagent to the’ co]umn -/ ‘ o
8. App]y suction and stop JUSt before the last, of the reagent enters the
 column. o . oy
} > ) . . ~ o
9. Remove the filtér flask from the -crucible.’ o
10."Add a few drops of pheno]phtha]ein 1nd{Eator solution to the 11qu1d in
Mi " the filter flask. i o - _
‘ r
. _ o .
' | \;\\. ( 3
| 35 P
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Ny

11.

12.

1 Precautions - ' T

1

e

Repeat the above procedure using a blank of distilled water.’ B .

' T b”/
Ygﬂyme of NaOH used in blank titration, k= mi:

“after charg1ng the d/gester with raw s]udbe Shou]d th1s be done, the

raw s]udge may short circuit -to the w1thdrawa] po1nt and result in the

Titrate with 0.02 N NaOH titrant in’absolute methano] takiﬁg care to

& EW

-

avoid aerating the sample: N1trogen gas of C02 - free air de]1vered .
through a small glass tube may be used both .to mix the samp]e and to

prevent contact with atmospher1c C02 dur1ng t1trat1on (COZ - free air
~ N\
may be obtained by passing air through ascavlte or equ1va]ent)
'

[}

VYolume of NaOH used\in sample t1trat1on: as= .-m].

t a‘(

~ \\ £
. ® e -

a

The sludge sample must be repreéentative of the'digester The samp]e

line should be allowed to run for a few minutes before the samp]e is

%

taken. The.sample temperatune should be as warm as the d1gester itself.

o

The sample for the volatile acids test shou]d not be taken immediately

‘e

~Y

w1thdrawa] of raw. sludge nather than digested s]udge Thereforei\after

the raw sludge has been fed Jdnto the tank; the tank should he ‘well mixed

" " by recirculation, or other means- before a samp]e is taken.

If a d1ge57er is perform1ng well w1th low vo]at11e acids and then if one

samp]e shoyld” unexpectedly and sudden]y g1ve a h1gh va]ue, say over

1000 mg/1 of volatile acids, do nét bécome’ a]armed The h1gh result may

be caused /by a poor. nonrepresentat1ve sample of raw s]udge instead of o,

d]gested ]udge Resample and ‘retest. The second test may g1ve a more i
e ~ -

typical -value. When 1ncreas1ng\Volat1]e acids and decreaS1ng a]ka]1n1ty

»'
-
B ~
ABar Mgk 105, A, A} SN e D w
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. . are observed, this is a'definite warning of approaching.contfo1 problems.
oo . Corrective action should be taken immediately, such as reqycing the feed

- ¢ A . ‘

rate, reseeding from another digester, maintaining optimum temperatures,
N r/,__‘lmprov*ing digester mixing, decreasing'sludge withdrawal rate, or cleaning

X

'fhe tank of grit and scum.: -
Edmle
~ “Equivalent Weight of Acetic Acid, A = 60 mg/mi
Vo]umé of Sample, B = 10 mT™
Normality of NaOH titrant, N = 0.02 N

Volume 6f4ta0H used in sample titration, a = 2.3 ml

- ~ Volume of NaOH used in-blank titration, b = 0.5 m]
Calculation .. BN

Volatile Acids, mg/1 =A x 000 m1/1.x N (a - b)
< ’ ' . - B T ‘X

° 60 mg/ml x 1000 m1/1 x 0.02 (2.3 ml - 0.5 mi)
- . - _Ioml ;

216 mg/1 ‘ N

I

: \\\V_// / | ‘
| ~
s ) | v
- LY
R N
" .
s"\f\é’ ‘ |
W B u
. | |
.
e
| o e
\ | . '
‘ 3
[
l\ ‘-m- 4 <
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OUTLINE OF METHOD: i .
)
1. Remove solids by . . 2. Measure 10-15 ml
centrifuging - of sample into . =
— a beaKer )
— . \ ,/
‘3. Add a few drops . Add 10 N H,S0, dropuise ’
.of thymol blue -- untill Y
thymol b]ue turns red ’
, W S

5. YPlace about 10 g of 6. Add 5.0 ml of
silic acid in crucible | - acidified sample
and apply suction

7. Add 50 ml of 8. Apply suction untill all of the

chloroform " reagent has entered the colum

butanol o

reagent ’

/
_" t } !Y
\

9. Remove the filter 10. Add phenolphthalein and ‘
T flask_ titrate with 0.02 N NaOH : )

~

"

, A 38 . .
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Module No: Module Title: . .
Anaerobic Digester Test Procedures

Submodule Title:

Approx. Time: Volatile Acids . L - ,
Topic
2 hours Determination of Volatile ACids by "Hach" Method .

Objectives: when the participant comp?etes this, topic he should be able to: »

-1, ldentify proper apparatus and reagents needed for the volatile acids test
by Hach method.

2. Obtain,and prepare a proper sample for the volatile ac1ds test.

3. Conduct a vo]ati]e/ac1ds test u51ng the Hach method given proper test equipmen
reagents, procedures sheet and sample .

4. Translate the raw data from the test into proper units of expreSSion given
appropriate conver51on factors and equatigns

< ‘o
-

»

3

Ipstructionai Aids:

"Handout - Hach Method

. - . . , /
.

Instructional Approach: ) v |

Lab \ O

*

References: g : ' ' : AN

Protedures’, Chemical Lists and G]assware for Water and Wastewater w1th
Calabration Table. '

3rd Ed. Hach Chemical Co. . 2 )

Class Assignments: 7 ) .

Perform analysis

X : -~
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Module Ho: | Topic: \‘ . '
3 3 .- * ‘
" Hach Method. s - .
T i
Instructor liotes: Instructor Qutline: .
> é’ “

) > 1. List the apparatus-and reagents n,q-:eded
Handout . for the Hach method. -
Hach Method’ X 2, Discuss sample collection. ’

\ . ” -

Pages 38 - 39 - | 3. Demonstrate the testy o .

- o Ha‘ve participant perform thé:test.

4, - Calcu]ate resu]ts from tables prov1ded .
by Hach. ) T _
‘.‘ ) D \.S
k‘\ ;( ~ ' -
- ‘ o . 3 »
R . ) ) . "
w2 T . / '
. » ( a—
. - g "'b gl . = .
{ . t : g ‘ ,
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¢
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" VOLATILE ACIDS -

10. Adjust the Wavelength Control to 495 nm;

‘Esterification Method for Digestor Sludge ,
The Volatile Acids test is designed épecifica]]y for the
determination of vd]ati]e drganic acids in digestor sludge. A1l volatile

acids present are reported as ‘teir equivalent mg/1 acetic acid. Materials

. commonly present in digestor sludge do not interfere with the test.

Sample/Preparation

1. ﬁPipet 0.5 ml of demineralized wate?/Tﬁfé a c]e;n, dry DR-2 sample cell.
2. Clarify a few ml of the sample by fi]trgtion or centrifuging and pipet
. 0.2431 of the filtrate or.clear supernatant into a second‘c]ean; dry

DR-2 sample cell.

3. Pipet 1.5 ml of Ethy]ené Glycol:- into each cell aqé,§wir] to mix.

4, Using a.pipet fillér; p{pet 0.2 m1 of 19.2 N Sulfuric Acid Standard
Solution into each cell and swirl -to mix. DO NOT PIPET BY MOUTH. g?ﬁ‘*

5. .Place both ce]]s in a boiling water bath for 3 minutes, then cool
1nmed1ate]y in tap water

6. P1pet 0 5 ml of Hydroxy]am1ne Hydroch]or1de So]ut1on into each cell and
swirl to mi x.

7. Using a pipet fi]iér, pipet 2.0 m1 of 4.5 N Sodium Hydroxide Standard
Solution into each cell and swirl -to mix. DO NOT PIPET BY MOUTH.

-

. 8. Add 10 m1 of Ferric Ch]or1de--$u]fur1c Acid So]ut1on to each of the two

sample ce]]s us1ng a 10-m] graduated cy]1nder.
9. Add 10 ml .of dem1nera1]zed water to each sample cell using a 10-m1 -

graduated cylinder and swirl to mix. Allow at least 3 minutes for the -

solutiions to stabilize before taking .the reading.

‘
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11. Cover the empty sample compartment and adJust the Zero Contfol for a
read1ng of exactly zero % T.

12.'\P1ace a % inch test tube containing the treated dem1nera112ed water into
the sample compartment and adJust"he Full ‘Scale Contro] .for a meter

read1ng of exactly 100 % %.

A3. Place a % inch test tube containing the treated sample water into the

sample compartment and read the percent transmixténce.‘ Refer to the

following table to determine the mg/1 volatile acids (as acetic acid).

S

Concentration vs. % Transm1ttance

42

2T Units
AN : .
| Tens -0 1 2 3 4 5 6 7 8 9
10 5600 5370 5160 4960 4785 4615 4460 4310 4170. 4040
20 39#5 3795 3685 3575 3470 3370 . 3275 3185 3095 3015
ﬂa§0 2930 2850 2770 2700 2625 2555 2485 24é0 2350 2290 )
40 2230 2165 2110 2055 2000 1945 1885 1835 1785 1735
56 1690_ 1635 1590 550 1500 145? 1410 1365 1325 - 1280 \
60 1245 1200 1165 1125 1085; 1045 . i015 974 941 902. ‘
70 870 835 795 778 734 706 666 638 605 571
80 543 515 482 454 426 398 370 342 314 286
90 268 . 230 202 179 151 123 101 73 50 22
% -
\\’ : -
- . s
- T
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Module HNo: Module Title: .
L Anaerobic Digester Test Procedures '
’ ) ] Submodule Title:

Approx. Time: Volatile Acids

p

Selection of Method for Volatile Acids Analysis’

Topic:
. 30 Min.

Objectives: When the participant comp]efes this topic he should be abl}e to:

1. Differentiate between the three volatile acids test methods as covered in
preceding topics by comparing the following parameters:

Time required to complete the test .
Equipment and reagents required
Precision and accuracy

“ Interferences encountered

2.” Recommend a volatile acids test method using the above parameters for use in
"Home" plant. - '

Instructional ‘Aids«:

None

&|Instructional* Approach: ~ ~ ”.“* ’ B

Discussion

\

References:

Class Assignments:

Select method
Take final test
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, Module Ho: Topic: ' ’
§ S - Selection of Method _ ; s -
- . - > x - e - -
, Instructor. liotes: Instructor Outline: - )
. & . )
. .| 1. Discuss with participant the three methods
, » for volatile acids.
: ) S Time =~ : _
v Equipment
. N p Reagents
. : Precision \ ‘
. - Accuracy .
. - Interferences .
) “ ) - . < 1Y
: . 2. Have participants select a method best
, for his or her individual needs and
facilities.
3. Take final test.’
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